Abstract-Grounding system is used to divert the lightning surge current, fault current or electromagnetic interference to earth, mainly for safety purposes. An effective grounding system requires low resistance path which could be achieved by treating the surrounding soil with grounding enhancement materials to effectively reduce its earth resistance. 
I. INTRODUCTION
Natural phenomena such as lightning can cause transient overvoltage on the electrical power system by either direct or indirect strikes. Large surge current can damage the loads that are connected to the system. In order to protect the load from the lightning, surge arresters and other lightning protection measures are used to divert the surge current into the ground along a shortest path and at a shortest time possible. Equipment with metal surface might have charge leakage due to inductive coupling and could cause electrical shock to any personnel who touch it. Therefore, all the equipment are needed to be connected to ground for safety purposes to ensure the electrical charge would able to be diverted to the ground and no potential difference produced between the equipment touching surface and earth. Grounding is also important to solve the electrical power quality problems such as noise, electromagnetic compatibility and harmonic distortion in electrical power system [1] .
A good and practical grounding system should be able to provide an ideal path for fault currents to flow into the ground, with low impedance and at the shortest time possible. The effectiveness of a grounding system is highly depending on soil resistivity, temperature and the moisture content of the surrounding soil. For rocky area, the earth resistance is very high due to less moisture content in the soil, which can be reduced through various methods such as increase the number of copper conductor driven into the soil, soil treatment using Natural Enhancement Material (NEM) or Chemical Enhancement Material (CEM), or increase the depth of copper conductor driven into soil. Earth resistance is measured by 2-point, 3-point and fall-of-potential methods. While, soil resistivity can be measured through various methods, such as Wenner 4-pole, Schlumberger 4-pole, 3-point and 2-point methods [2] . Note that, in this research, fallof-potential method was used in the earth resistance measurements of the installed grounding system, and 4-pole method was employed in measuring the soil resistivity of the site.
In this research, only NEM was employed where materials used were Bentonite, Fly Ash and Wood Ash. Bentonite is a pure clay which able to absorb water and retain the moisture [3] . There are Sodium Bentonite and Calcium Bentonite which swell once water is absorbed due to the presence of Na + and Ca 2+ ions, respectively [3] . Note that, only Sodium Bentonite is used in this work since it has better swelling behaviour based on research done by Lim et al. [4] . Fly Ash is a byproduct resultant from combustion of coal in 2018 IEEE ) coal fired power plant [3] . While Wood Ash is residue left after combustion of wood or charcoal. Both Fly Ash and Wood Ash have hygroscopic property and tend to absorb water from their surroundings. Hence, all the three NEMs employed in this work are able to reduce the earth resistance of the installed grounding system by indirectly reduce the soil resistivity of the soil in the vicinity of the ground conductor. This is done easily by maintaining moisture of the soil. Various ratio of Bentonite, Fly Ash and Wood Ash mixtures were employed to reduce the earth resistance of the installed grounding systems in this study, in order to find the best performed NEM mixture. In Malaysia, the burning of coal in coal power plant produced over 4.2 to 13 million tons of coal ash as by products reported from year 2000 to 2005 [5] . In United States, the Fly Ash production is about 52 million tons and amount of it being reused is just about 23 million tons according to the data released in year 2012 [6] . Therefore, these by products were employed in this work due to its low cost and to prevent wastage with these objectives, (1) to differentiate the physical and chemical characteristics of individual Bentonite, Fly Ash and Wood Ash samples, ensuring the possibilities of such materials to be used as NEM mixtures in grounding system, (2) to compare the performance of several NEM mixture grounding system installations employing Bentonite, Fly Ash and Wood Ash as the main NEMs, and (3) to propose the best performed NEM mixtures as grounding enhancement materials.
II. GROUNDING SYSTEM INSTALLLATIONS
In this study, a total of seven grounding systems were installed where six were NEM mixture grounding systems and another one was a Reference grounding system. Among the six NEM grounding systems, three were installed with 100% Bentonite, 100% Fly Ash and 100% Wood Ash, and the rest were with Bentonite and Fly Ash mixture, Bentonite and Wood Ash mixture, and Fly Ash and Wood Ash mixture. Note that the Reference grounding system was installed without any enhancement material added to the surrounding soil in the vicinity of the ground conductor for comparison purposes. And, vertical copper ground conductors with lengths of 1.5m and diameters of 0.13m were used as this is a continuation of works done by Wan Ahmad et al. [7] [8] [9] [10] [11] [12] , Jasni et al. [13] , Buba [14] , Lai, [15] , Pui [16] , Marudin [17] , and Mohamad Roslan [18] . Details on the typical configurations of all the seven grounding systems could be found in Wan Ahmad et al. [11] , whereas the typical grounding system installation procedures were as demonstrated in Fig. 1 to 3 , and Fig. 4 for NEM mixture and Reference grounding systems, respectively.
Before the grounding system installations were done, Field Emission Scanning Electron Microscopy (FESEM) and Energy Dispersive Spectrometry (EDS) tests were first done on Bentonite, Fly Ash and Wood Ash samples to determine their physical and chemical properties. This analysis was meant to check the suitability of such material to be used as NEM mixture for grounding system installations and was done at Accredited Laboratory, Institute of Advance Technology, Universiti Putra Malaysia, Serdang, Selangor, MALAYSIA. By comparing the morphology of Bentonite, Fly Ash, and Wood Ash samples as shown in Fig. 5 to 7 , respectively, at same applied voltage and magnification factor, it was found that the shape of Bentonite particles and Wood Ash particles were quite similar to each other. While the Fly Ash particles were in spherical shape. Based on the April 2018 , and near to the site of the previous studies done on Grounding Systems 2016/2017 by Wan Ahmad et al. [12] , Marudin [17] , and Mohamad Roslan [18] . Reviews on different types of NEM that may be used in grounding system installations could be further found in [19] .
III. EARTH RESISTANCE MEASUREMENT RESULTS
In this study, daily earth resistances of each grounding systems were measured based in Fall-of-Potential method, as being employed in Wan Ahmad et al. [8] [9] [10] [11] [12] , Buba [14] , Lai, [15] , Pui [16] , Marudin [17] , and Mohamad Roslan [18] . Note that zero separation angle between the current and potential probes was considered for simplicity purposes, with the measurements were taken in the morning due to low temperature and moisture content is higher compared to afternoon and evening of the day. Also, 62% rule as described in Wan Ahmad et al. [8] [9] [10] [11] [12] , Buba [14] , Lai, [15] , Pui [16] , Marudin [17] , and Mohamad Roslan [18] were considered with current and potential probes were located at 15 m and 9.27 m away from ground conductor under test, respectively. Such detail arrangement could be found in Wan Ahmad et al. [11] . Measured earth resistances for 130 days of all the seven grounding system installations were analyzed monthly using (1) and (2) where is denote as the th measurement day, and as in Fig. 19 .
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Note that, 100% Bentonite grounding system was taken from Grounding Systems 2016/2017, following Wan Ahmad et al. [12] , Marudin [17] , and Mohamad Roslan [18] as the Reference of Grounding Systems 2016/2017 was considered to be comparable to Reference of Grounding Systems 2017/2018 since the installations were done at the same site.
On day-0, the initial value of earth resistance of the grounding systems was measured after the installation at site on 12 th Jan 2018. Earth resistance value for NEM grounding systems in descending order were with Fly Ash and Wood Ash mixture, Bentonite and Fly Ash mixture, 100% Fly Ash, Bentonite and Wood Ash mixture, 100% Wood Ash, and 100% Bentonite for 544 Ω, 440 Ω, 374 Ω, 364 Ω, 355 Ω and 219 Ω, respectively. While the earth resistance value for the Reference grounding system installed was 1,150 Ω. The earth resistance was demonstrated to be the highest for Reference grounding system while NEM mixture grounding system with 100% Bentonite has the lowest earth resistance value. On day-0, the performance of seven grounding system installations in the descending order were 100% the Reference grounding system on day-0. Note that, Wood Ash could be a new NEM to be considered for grounding system on day-0.
In the first month, the NEM started to stabilize after day-14 of installation of grounding systems. The earth resistance of the grounding systems fluctuated from day-0 until day-13 and dropped significantly on day-14. After that, the earth resistance of all the NEM mixture grounding systems became uniform after day-14. This was because the rainy days started at day-10 until day-14 which increased the moisture content in the soil and helped to reduce the earth resistance. The NEM started to retain moisture in the soil to reduce earth resistance. Therefore, the earth resistance of the NEM mixture grounding systems was more stable than the Reference grounding system. Furthermore, 100% Bentonite grounding system had the lowest earth resistance then followed by grounding systems with Bentonite and Wood Ash mixture, Bentonite and Fly Ash mixture, 100% Wood Ash, 100% Fly Ash, and Fly Ash and Wood Ash mixture. The Reference grounding system had the highest value of earth resistance among all. This proved that NEM which was made up of 100% Fly Ash, 100% Wood Ash or its mixture with Bentonite would be able to improve the grounding system by reducing the earth resistance value. The earth resistance of Bentonite and Wood Ash mixture grounding system and Bentonite and Fly Ash mixture grounding system were similar from day-12 until day-20. However, the earth resistance of Bentonite and Wood Ash mixture grounding system became lower than Bentonite and Fly Ash mixture grounding system after day-20. This was happened because the weather changed from rainy day to sunny day on day-22 to day-27. The moisture content in the soil had reduced in this period. Note that, the water retention properties of Bentonite and Wood Ash mixture was higher than that of Bentonite and Fly Ash mixture. On day-30, the performance of seven grounding system installations in the descending order were 100% Bentonite, Bentonite and Wood Ash mixture, Bentonite and Fly Ash mixture, 100% Wood Ash, 100% Fly Ash, Fly Ash and Wood Ash mixture, and Reference grounding systems, with the earth resistance values for the NEM mixture grounding systems are only 20.00%, 21.39%, 23.48%, 27.30%, 31.39%, and 31.91%, respectively from the earth resistance value of the Reference grounding system on day-0. As compared to earth resistance value of Reference grounding system on day-30, the performances of the grounding system installations in the descending order were 100% Bentonite, Bentonite and Wood Ash mixture, Bentonite and Fly Ash mixture, 100% Wood Ash, 100% Fly Ash, and Fly Ash and Wood Ash mixture, with the earth resistance values for the NEM mixture grounding systems were only 27.28%, 29.18%, 32.03%, 37.25%, 42.82%, and 43.53%, respectively, from the earth resistance value of the Reference grounding system. This demonstrated that NEM mixture grounding system with 100% Bentonite still had the greatest reduction of earth resistance while the grounding system with Fly Ash and Wood Ash mixture had the lowest reduction of the earth resistance on day-30. Besides that, on day-0, NEM grounding systems with 100% Fly Ash and 100% Wood Ash showed lower earth resistance than their mixtures to Bentonite. However, on day-30, the earth resistance for NEM grounding systems with Bentonite and Fly Ash mixture, and Bentonite and Wood Ash mixture were lower than the grounding system with 100% Fly Ash and 100% Wood Ash. This might be due to the NEM grounding systems were stabilized after day-14 as Bentonite would be able to retain moisture better compared Fly Ash and Wood Ash. Note that, Bentonite is still the best performed NEM used in grounding system in reducing the earth resistance for the first month of installation.
In the second month, the earth resistances of all the grounding systems raised gradually for first few days and dropped gradually afterwards. This happened repeatedly in the second month. From day-31 until day-36, the earth resistance of all the grounding systems increased, and reduced from day-37 until day-44. It raised again from day-45 onwards until day-60. The reason for this was the weather started to change in the second month where sunny day remained from day-31 until day-36 and changed to rainy day on day-37. Rainy days remained from day-37 until day-44, where in middle of the second month, the weather changed again to sunny and remain unchanged until the end of the month. During sunny days, the ambient temperature was high and moisture content in the soil was reduced which resulted the earth resistance to be high. During rainy days, the moisture content in the soil was increased which demonstrated by the decreased of the earth resistance values of the grounding systems. Measured earth resistance of 100% Fly Ash grounding system was pretty similar to that with Fly Ash and Wood Ash mixture from day-31 until day-40. After that, the earth resistance of 100% Fly Ash grounding system increase and became higher than grounding system with Fly Ash and Wood Ash mixture. Note that, grounding system with 100% Wood Ash always had lower earth resistance compared to the grounding system with 100% Fly Ash throughout the period of this study. Hence, Wood Ash could be considered to be better NEM compared to Fly Ash in term of their performances. Among the NEM mixture grounding systems in the second month, 100% Bentonite had the lowest measured earth resistance, then followed by Bentonite and Wood Ash mixture, Bentonite and Fly Ash mixture, 100% Wood Ash, Fly Ash and Wood Ash mixture, and 100% Fly Ash. The Reference grounding system has the highest earth resistance among all the grounding systems. On day-60, the performance of seven grounding system installations in the descending order were 100% Bentonite, Bentonite and Wood Ash mixture, Bentonite and Fly Ash mixture, 100% Wood Ash, Fly Ash and Wood Ash mixture, 100% Fly Ash, and Reference grounding systems, with the earth resistance values for the NEM mixture grounding systems were only 19.91%, 20.43%, 23.13%, 24.52%, 30.09%, and 31.83%, respectively from the earth resistance value of the Reference grounding system on day-0. As compared to earth resistance value of Reference grounding system on day-60, the performances of the grounding system installations in the descending order were 100% Bentonite, Bentonite and Wood Ash mixture, Bentonite and Fly Ash mixture, 100% Wood Ash, Fly Ash and Wood Ash mixture, and 100% Fly Ash, with the earth resistance values for the NEM mixture grounding systems were only 27.29%, 28.01%, 31.70%, 33.61%, 41.24%, and 43.62%, respectively, from the earth resistance value of the Reference grounding system. The greatest reduction of earth resistance value was for grounding system with 100% Bentonite and the least was grounding system with 100% Fly Ash. Note that, the performance of 100% Bentonite and its mixture with Wood Ash was comparable to each other. This demonstrated that Wood Ash was more suitable as NEM compared to Fly Ash.
In the third month, the performance of all NEM mixture grounding systems were uniform throughout the month. On day-61 until day-74, the performances of the grounding systems in descending order were 100% Bentonite, Bentonite and Wood Ash mixture, Bentonite and Fly Ash mixture, 100% Wood Ash, Fly Ash and Wood Ash mixture, 100% Fly Ash, and Reference grounding systems. On day-75, the earth resistance of NEM mixture grounding system with 100% Wood Ash started became lower than the grounding system with Bentonite and Fly Ash mixture. The earth resistance of NEM mixture grounding systems with 100% Bentonite, and Bentonite and Wood Ash mixture were similar after day-75. On day-90, the performances of seven grounding system installations in the descending order were Bentonite and Wood Ash mixture, 100% Bentonite, 100% Wood Ash, Bentonite and Fly Ash mixture, Fly Ash and Wood Ash mixture, 100% Fly Ash, and Reference grounding systems, with the earth resistance values for the NEM mixture grounding systems were only 20.09%, 20.26%, 23.91%, 24.87%, 29.04%, and 33.65%, respectively from the earth resistance value of the Reference grounding system on day-0. As compared to earth resistance value of Reference grounding system on day-90, the performances of the grounding system installations in the descending order were Bentonite and Wood Ash mixture, 100% Bentonite, 100% Wood Ash, Bentonite and Fly Ash mixture, Fly Ash and Wood Ash mixture, and 100% Fly Ash, with the earth resistance values for the NEM mixture grounding systems were only 27.21%, 27.44%, 32.39%, 33.69%, 39.34%, and 45.58%, respectively, from the earth resistance value of the Reference grounding system. Note that, from this, Wood Ash could be considered as an effective NEM to improve the performance of grounding system while Fly Ash could not.
During the fourth month, measured earth resistance values of all the seven grounding systems were reduced on day-91 until day-104. This was due to the reason that moisture content in soil had increased due to continuously raining for days at the site. However, started from day-105, the earth resistances of all the grounding systems were increased until day-120 due to the weather was changed to sunny days after day-104. The moisture content of the soil was reduced and hence the earth resistance values of all the grounding systems increased accordingly. On day-120, the performances of the grounding system installations in the descending order were Bentonite and Wood Ash mixture, 100% Bentonite, 100% Wood Ash, Bentonite and Fly Ash mixture, Fly Ash and Wood Ash mixture, 100% Fly Ash, and Reference grounding systems, with the earth resistance values for the NEM mixture grounding systems were only 20.09%, 20.26%, 23.91%, 24.87%, 29.04%, and 33.65%, respectively, from the earth resistance value of the Reference grounding system on day-0. As compared to earth resistance value of Reference grounding system on day-120, the performances of the grounding system installations in the descending order were Bentonite and Wood Ash mixture, 100% Bentonite, 100% Wood Ash, Bentonite and Fly Ash mixture, Fly Ash and Wood Ash mixture, 100% Fly Ash, and Reference grounding systems, with the earth resistance values for the NEM mixture grounding systems were only 18.41%, 18.81%, 22.06%, 23.25%, 26.43%, and 31.75%, respectively, from the earth resistance value of the Reference grounding system. 
IV. CONCLUSIONS
Daily earth resistance measurements were conducted using fall-of-potential method with 62% rule and 0º separation angle in order to obtain the most accurate results. The best performed NEM grounding systems in descending order were found to be Bentonite and Wood Ash mixture, 100% Bentonite, 100% Wood Ash, Bentonite and Fly Ash mixture, Fly Ash and Wood Ash mixture, and 100% Fly Ash with the measured earth resistance values were demonstrated to be 20.17%, 20.61%, 24.17%, 25.48%, 28.96%, and 34.78%, respectively from the earth resistance value of the Reference grounding system on day-0. Based on this, Fly Ash may not be suitable to be used as NEM in grounding system, while Wood Ash could be said to be comparable to Bentonite and could be proposed as the new grounding enhancement materials.
